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Abstract
Our brain processes noisy and incomplete information to make adaptive decisions and
chooses appropriate responses based on the strength of our subjective evaluation. Such
subjective evaluation of our decisions could be referred to our metacognition— the ability to
monitor and recognize our own successful cognitive processing. What information does our
metacognitive system take in during subjective evaluation? To what extent our metacognitive
judgements are influenced by the context? The current study aims to investigate whether there
is an effect of contextual uncertainty on confidence judgments when perceptual performance
is controlled. In this study, participants were required to perform both type 1 and type 2
judgements, in which they first determine the orientation of the perceptual stimuli by ignoring
the context, and then they perform a retrospective judgment measured in confidence level.
Our findings showed that there was a significant effect of contextual uncertainty on
confidence judgments and our metacognitive system will be most susceptible to the
surrounding information when task difficulty is moderately easy. The altered sensitivity in
perception could potentially explain such contextual effect on confidence judgments and we
proposed two contrasting concepts to explicate how various levels of contextual uncertainty
could influence our confidence judgments differently.
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Introduction
Humans perceive and make confident judgments in everyday life. Our visual system builds a
sophisticated representation of the environment surrounding us, which enables us to make
sense of the world. How we perceive the world (i.e. first-order perception) and how we
evaluate our decisions with various levels of confidence (i.e. second-order metacognition) are
crucial, as the combination of both the first-order perception and the second-order
metacognition is the driving force towards our actions in a bid to update our expectations of
the world (Chambon et al., 2014; Fleming et al., 2012).

We are constantly evaluating and collecting information to make accurate inferences and to
make precise judgments that drive our actions. However, in our natural environment, the
information collected is often noisy and our perception is inherently fraught with uncertainty.
Hence, while the decisions we made are influenced by noise, they are also probabilistic in
nature and are often based on a certain degree of uncertainty. The evidence that our decisions
are based on could be corrupted by the uncertainty that originated from external sources (e.g.
ambiguous information) and internal sources (e.g. neural variability).

Our evaluation of decisions under uncertainty can be understood as the degree of confidence.
Confidence can be denoted as the degree of belief or a subjective feeling of whether our
decision based on a certain level of uncertainty is correct under modern terminology
(Grimaldi et al., 2015; Pouget et al., 2016). The subjective feeling of confidence matters,
since it determines whether we should commit to our decision or whether we should continue
to accumulate evidence to make an accurate judgment.
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The subjective reports of confidence are usually used as a measure to quantify the level of
metacognition (Maniscalco & Lau, 2012; Barrett et al., 2013), since a high level of perceptual
confidence is often associated with a high level of accuracy in objective performance
(Samaha et al., 2016). Metacognition refers to the awareness of one’s thought process and the
ability to recognize one's own successful cognitive processing (Flemming and Lau, 2014).
These second-order metacognitive judgments measured in confidence level can reflect and
monitor the uncertainty of perceived internal signals. (Navajas et al., 2017; Rausch et al.,
2018; Sanders, 2016). Confidence stems from our metacognitive evaluation during the
decision process, where one answers a type 2 question based on their type 1 judgment.

Based on the signal detection theory, it is theorized that uncertainty is taken into account for
our metacognitive judgments (Hautus et al., 1991; McNicol, 2005). Studies across different
perceptual domains suggested that systematic changes in signal variability of the decision
stimulus could lead to the dissociation between objective performance and subjective
confidence. (Allen et al., 2016; Zylberberg et al., 2016). However, the previous studies
proposed that the impact of confidence was based on the change in variability, which is
mainly related to the decision stimulus itself. It remains unclear what our metacognitive
system takes in as information for evaluation, particularly those related to the context rather
than the stimulus itself. Hence, there is a central question still yet to be explored — whether
the contextual uncertainty, which is irrelevant to the objective report, impacts confidence
judgment and be taken into account for the evaluation of our decision. The investigation of
this issue is crucial to our understanding of our consciousness and metacognition
mechanisms.

Page 3

THE EFFECT OF CONTEXTUAL UNCERTAINTY ON CONFIDENCE JUDGEMENTS IN PERCEPTION AND ITS RELATION TO METACOGNITION

In the current study, we set out to find whether the contextual uncertainty will impact
confidence judgments and to provide an explanation of its underlying biological mechanisms
and cognitive processes contributing to the effect. The study aims to discover whether the
contextual uncertainty affects our confidence in the central task when central-task
performance is kept constant.

It is predicted that if the contextual effect existed, there are two opposing possibilities in
explaining how different levels of contextual contrast can influence our confidence level of
the central stimuli in different means. We proposed that the two possibilities are: the
generalization effect and the contrasting effect.

As regards the generalization effect, it depicts a negative relationship between contextual
uncertainty and confidence level. When there is a lower contextual uncertainty indicating a
higher luminance contextual contrast, a higher confidence judgment for the central task will
be observed. The concept proposed that under ambiguous conditions, contextual contrast
acted as a confidence heuristic that can be generalized to confidence judgment of the central
stimulus. When there is high uncertainty in context, it is perceived that the representation of
the central stimulus may also be poor. Hence, the collected and integrated input may be
misleading, resulting in a lower confidence level.

On the other hand, the contrasting effect illustrates an opposite outcome compared to the
generalization effect, in which there is a positive relationship between contextual contrast and
confidence level. When there is a lower contextual uncertainty suggesting a higher luminance
contextual contrast, a lower confidence judgment for the central task could be observed. In
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this case, the contrasting effect between the central and the contextual stimuli might lead to
the central task difficulty being perceived as easier when under high contextual uncertainty.
To discover how different levels of contextual contrast can influence our confidence level of
the central stimuli differently and which of the conflicting effects is in accordance with our
findings, the following experiment is conducted.

Experiment

Participants
One hundred participants were recruited to participate in Experiment 1. All were recruited
through Amazon Mechanical Turk (AMT) and were paid $5USD upon completion of the
experiment. Participants had normal to corrected vision and they were advised to put on
contact lenses or glasses for the experiment if necessary. Participation in the experiment was
entirely voluntary. A consent form was given to participants prior to the study.

Apparatus & Stimuli
The stimuli in the experiment were generated online through the JSPsych 7.0 library and
in-house code written in JavaScript (De Leeuw, 2015). All stimuli were Gabor patches
surrounded by a circular annular Gabor with an empty spacing between the Gabor stimuli and
the Gabor annulus. The stimuli had a spatial frequency with 2 cycles per degree of visual
angle and had 65 pixels per degree of visual angle. Each frame consisted of a field of
450x450 screen pixels, which was presented at the center against a gray background. The size
and radius of the stimuli remained unchanged across trials, with the central radius being 0.05
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and the radius of the contextual annulus being 1.00, measured in terms of the radius within a
unit circle.

For the central stimulus in experimental trials, the orientation varied across trials and was
either tilted clockwise or anticlockwise with the degree of 60 and 120 from horizontal. The
luminance contrast of the Gabor stimuli was manipulated and overlaid by random-dot noise
patterns to alter the perceptual task difficulty. The luminance contrast of the central stimuli
was varied randomly across trials, resulting in four levels of luminance contrast: 0.03, 0.04,
0.06, 0.08. The luminance contrast was varied by altering the signal contrast with a fixed
noise contrast. As for the contextual stimulus in experimental trials, the luminance contrast
was manipulated to alter the level of contextual uncertainty, resulting in two levels of
contextual contrast: 0.01 and 0.30. The contextual contrast was tilted horizontally and was
varied stochastically across trials.

Catch trials and practice trials were included in the experiment. Two levels (0.06,0.01) of
central contrast and two levels (0.01, 0.30) of contextual contrast were included in catch
trials, resulting in eight catch stimuli in the experiment. Four practice stimuli will be
presented in practice trials with two levels (0.01, 0.30) of contextual contrast and a fixed level
of central contrast of 0.60. Catch trials were incorporated to get a more extensive
representation of the data and allow comparison between main trials.
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Procedure
To minimize the variability in the size of the stimulus between participants and to avoid
participants multitasking, the experiment entered full-screen mode once participants started
doing the experiment. As shown in fig 1, each trial began with the presentation of a fixation
cross for 500ms that was located in the center of the screen against the gray background,
followed by the target stimuli for 100ms. Participants were then required to determine the
orientation (clockwise or anti-clockwise) of the central Gabor. They were instructed to pay
attention to the central grating only when making the judgements. Participants could indicate
their choices by selecting the “clockwise” and “anticlockwise” buttons on the screen that
were displayed after the presentation of the target stimuli. Participants were instructed to
make the best guess by choosing the more likely answer between clockwise and
anticlockwise even though they subjectively felt that they could not see the orientation grating
of the target stimuli. Afterwards, participants had to indicate their level of confidence with
regard to their decision based on the question “How confident are you that your clockwise/
anticlockwise judgment just now was accurate?”. The question was displayed on the screen
right after their orientation judgment. A continuous rating scale with two anchors “not
confident” and “very confident” was presented below the question. Subjective reports of
discrimination confidence were used since it was shown to be efficient in predicting trial
accuracy in orientation discrimination tasks (Zehetleitner & Rausch, 2013). Participants were
advised to make use of the full range of the slide bar that reflected their corresponding
confidence level. There was no time limit for both the orientation judgments and the
subjective reports on confidence level. Participants could only proceed to the next trial after
they responded to all of the questions.
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Figure 1 . Trial Structure for the Experiment

In the experiment, a 2 x 4 factorial design was adopted to examine the contextual effect on
metacognition measured in confidence judgment. A mixed model was utilized in which the
central contrast was varied between subjects, while the contextual contrast was altered within
subjects. Participants were randomly assigned to one of the four conditions where the central
contrast (0.03, 0.04, 0.06, 0.08) varied across conditions. In each condition, it consisted of a
practice block and 5 main blocks, with 24 trials in each block. A total of 120 trials were
conducted in the experiment with four main stimuli and eight catch stimuli presented in a
randomized order in each block.

After the completion of each experimental block, the

accuracy rate was displayed to participants for feedback, and breaks with no time limit were
provided before the commencement of the next block. All participants completed a block of
practice trials prior to the 5 main blocks. The practice block consisted of a total of 10 trials
with four stimuli. The practice trials allowed participants to be familiarized with the test
procedure, response keys, and the target stimuli. Participants were required to pass the
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accuracy threshold of 79% in the practice blocks to proceed to the experimental blocks.
Participants were debriefed at the end of the experiment.

Data Analysis
The data of six participants were removed based on 2 criteria: poor perceptual accuracy on
practice trials and poor perceptual accuracy on catch trials with a central stimulus of 0.6 .
Participants were excluded if their z scores were> 3.29 or <-3.29 based on the above two
criteria. These two criteria were set since the practice trial and the catch trials with 0.6 central
stimulus were very easy conditions and participants were expected to give a correct answer in
every trial. Poor perceptual accuracy on practice and catch trials with 0.6 central stimuli
might suggest that participants were inattentive while doing the experiment or that
participants only selected the choices by chance. Excluding those participants, a total of 94
participants were included for the subsequent analysis in the present study.

All analyses were conducted using the free software JASP (Version 0.16.1) [Computer
software] (JASP Team, 2022). In the present study, it aimed to find whether there would be a
dissociation between subjective reports (i.e. confidence judgments) and objective
performance (i.e. orientation discrimination) across conditions. The responses to the
orientation judgment were used to quantify the respondent's type 1 sensitivity, whereas the
subjective reports of confidence were used as a measure that reflected the respondent's type 2
sensitivity. Participants’ metacognitive sensitivity was also measured across contextual and
central contrast. Metacognitive sensitivity, often measured in meta-d’, was referred to the
degree to which subjective differentiation between correct and incorrect responses
(Maniscalco and Lau, 2012). In the present study, metacognitive sensitivity was measured by
collapsing the data for each participant and calculating the mean difference between the
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correct and incorrect responses across contextual contrast for both 0.01 and 0.3 central
contrast conditions. Repeated measures ANOVA and a series of Bayesian t-tests with a
default Cauchy prior were adopted to test for the hypotheses in the first experiment.

Results
A repeated-measures analysis of variance (ANOVA) was conducted with the remaining 94
participants to investigate whether there was an impact of contextual and central contrast on
objective performance. The findings showed that there was a significant main effect for
central contrast levels, F(3,90) =58.684, p<0.001, partial η2 = 0.662. Nonetheless, there was
no significant interaction effect between contextual contrast and central contrast on accuracy,
F(3,90) =1.527, p=0.213, partial η2 = 0.048. There was also no significant main effect for
contextual contrast on accuracy [F(1,90)=0.338, p =0.563, partial η2 =0.004] The results
suggested that there was no significant difference in accuracy across contextual contrast and
that the objective performance between contextual contrast was controlled for across central
contrast levels (see figure 2).
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Figure 2 . Average Accuracy level of 0.01 and 0.3 contextual contrast at different central contrast levels

Bayesian paired t-test framework (Jeffreys, 1961) was then adopted to test whether there was
a significant difference in average accuracy between different contextual uncertainty across
multiple levels of central task difficulty. Four paired t-tests were conducted to compare
average accuracy between contextual contrast across 0.01 central contrast (BF10= 0.3,
median posterior δ =-0.149, 95% CI [-0.557,0.250]), 0.04 central contrast [BF10= 0.217,
median posterior δ =-0.025, 95% CI [-0.401,0.350]) , 0.06 central contrast [BF10= 0.528,
median posterior δ =,0.257, 95% CI [-0.118,0.644]),

and 0.08 [BF10=1.931, median

posterior δ =-0.422, 95% CI [-0.838,-0.022]). The prior distribution was the Cauchy
distribution of effect sizes centered at 0 with a scale of r=0.707. Central Contrast 0.03, 0.04,
and 0.06 returned a significantly moderate to a strong result in favor of the null hypothesis,
indicating that the results supported that there was no significant difference in accuracy across
different levels of contextual uncertainty. Despite the result of 0.08 central contrast being
slightly in favor of the alternative hypothesis, the result was very weak and could be
considered inconclusive (see fig. 3-6).
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To further investigate how sensitive the Bayes factor was to the changes in the population
level effect size δ taking the Cauchy prior into consideration (i.e. how robust the result was),
the Bayes factor robustness check was conducted. It showed how the Bayes factor varied with
different widths, with the original user prior (r=0.707), a wider prior (r=1), and an ultrawide
prior (r=√2 = 1.414). The results for the 0.03, and 0.04 conditions showed moderate evidence
supporting the null hypothesis, with Bayes factors ranging from 0.1633 to 0.2997 and 0.114
to 0.2165 respectively, indicating that the results were quite robust. For 0.06 and 0.08
conditions, they supported the null and alternative hypothesis respectively, with Bayes factor
ranging from 0.3016 to 0.5285 and 1.239 to 1.931 correspondingly. The evidence for 0.06 and
0.08 conditions was anecdotal (see fig. 3-6 ).

(a)

(b)

Figure 3 . (a) Prior and Posterior plot for 0.03 central contrast on accuracy (b) The Bayes factor robustness
plot for 0.03 central contrast on accuracy, indicating how the Bayes factor changes with varying values of r.
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(a)

(b)

Figure 4 . (a) Prior and Posterior plot for 0.04 central contrast on accuracy (b) The Bayes factor robustness
plot for 0.04 central contrast on accuracy, indicating how the Bayes factor changes with varying values of r.
(a)

(b)

Figure 5. (a) Prior and Posterior plot for 0.06 central contrast on accuracy (b) The Bayes factor robustness
plot for 0.06 central contrast on accuracy, indicating how the Bayes factor changes with varying values of r.

(a)

(b)

Figure 6. (a) Prior and Posterior plot for 0.08 central contrast on accuracy (b) The Bayes factor robustness
plot for 0.08 central contrast on accuracy, indicating how the Bayes factor changes with varying values of r.
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Another mixed analysis of variance (ANOVA) was conducted to determine if there was an
effect of contextual contrast on confidence judgments. The result suggested that there was
statistically significant two-way interaction effect between contextual contrast and central
contrast on confidence level, F(3,90) =2.890, p=0.040, partial η2 = 0.088. Both main effects
for contextual contrast on confidence level, F(1,90) =10.007, p=0.002, partial η2 = 0.01, and
central contrast on confidence level, F(3,90) =12.333, p<0.001, partial η2 = 0.291 were
statistically significant. A Bonferroni post-hoc analysis was then conducted and the results
indicated that the confidence level for the central contrast in 0.06 was higher in 0.3 contextual
contrast compared to 0.01 contextual contrast, M = -3.039, SE = 0.834; t(90) =-3.642,
p-Bonferroni < 0.013 (see fig. 7).

Figure 7. Subjective reports of confidence of 0.01 and 0.3 contextual contrast at different central contrast
levels

Four Bayesian paired t-tests was conducted to explore how strong and robust were the effect
found in above analysis and to find out if there were any differences in average confidence
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between contextual contrast across 0.03 central contrast (BF10= 0.804, median posterior δ
=-0.331, 95% CI [-0.761,0.082]), 0.04 central contrast [BF10= 0.76, median posterior δ
=-0.311, 95% CI [-0.712,0.076]), and 0.06 [BF10= 6.818, median posterior δ =-0.540, 95%
CI [-0.965,-0.131]) , and 0.08 central contrast [BF10= 0.268, median posterior δ =0.127,95%
CI [-0.249,0.509]). Central contrast 0.08 reflected a significantly strong result in favor of the
null hypothesis while central contrast 0.04, and 0.06 showed a significantly weak result
supporting the null hypothesis. In particular, the average confidence in central contrast 0.06
indicated a significantly strong result being supportive for the alternative hypothesis,
reflecting a significant difference in confidence level for the 0.06 central contrast (see fig.
8-11).

Bayes factor robustness check was administered following the paired sample t-test to test the
robustness of the results. For the 0.03, 0.04, and 0.08 condition, they all suggested that the
evidence were anecdotal to moderate, with results supporting the null hypothesis.
Intriguingly, for the 0.06 condition, the Bayes factor ranged from 4.807 to 6.818, which
surpassed the threshold of 3, suggesting the evidence was very robust and the confidence
level significantly differed across contextual contrast (see fig. 8-11).
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(a)

(b)

Figure 8 . (a) Prior and Posterior plot for 0.03 central contrast on confidence level (b) The Bayes factor
robustness plot for 0.03 central contrast on confidence level
(a)

(b)

Figure 9. (a) Prior and Posterior plot for 0.04 central contrast on confidence level (b) The Bayes factor
robustness plot for 0.04 central contrast on confidence level

(a)

(b)

Figure 10. (a) Prior and Posterior plot for 0.06 central contrast on confidence level (b) The Bayes factor
robustness plot for 0.06 central contrast on confidence level
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(a)

(b)

Figure 11. (a) Prior and Posterior plot for 0.08 central contrast on confidence level (b) The Bayes factor
robustness plot for 0.08 central contrast on confidence level

To examine the metacognitive sensitivity across contextual contrast at different contextual
uncertainty with multiple levels of central task difficulty, a repeated-measures analysis of
variance (ANOVA) was conducted. The results showed that there was a significant main
effect for central contrast levels, F(3,73) =18.985, p<0.001, partial η2 = 0.438. However,
there were no significant interaction effects between contextual contrast and central contrast
on metacognitive sensitivity, F(3,73) =0.694, p=0.559, partial η2 = 0.028 and no significant
main effect for contextual contrast on accuracy F(1,73)=3.463, p =0.067, partial η2 =0.045
(see figure 12). Based on the results of the current experiment, there were no significant
differences in metacognitive sensitivity across contextual contrast. Hence, we could not make
a strong claim that there was an effect of context on metacognitive sensitivity.

Page 17

THE EFFECT OF CONTEXTUAL UNCERTAINTY ON CONFIDENCE JUDGEMENTS IN PERCEPTION AND ITS RELATION TO METACOGNITION

Figure 12 . Metacognitive Sensitivity of 0.01 and 0.3 contextual contrast at different central contrast levels

General Discussion

Principal Findings
In our study, we manipulated two variables, which was the central and contextual contrast to
control the task difficulty and the contextual uncertainty of the stimulus respectively. The
current study suggested two key findings.

With respect to the first key findings, our results suggested that the contextual uncertainty can
influence the confidence associated with the orientation judgments, leading to a dissociation
between type 1 and type 2 decisions. It was noted that the uncertainty and confidence level
were merely reciprocal of one another (Meyniel et al., 2015). In typical circumstances, the
increase in the level of uncertainty in central contrast would decrease the level of confidence,
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as the task became more difficult. Our findings in the present study suggested that when there
was a low level of task difficulty, a significant difference in confidence was found between
high and low contextual contrast, demonstrating the effect of contextual uncertainty on
confidence judgments while controlling participants’ objective performance on the orientation
discrimination task. At a moderately low level of task difficulty in central stimuli, the increase
in uncertainty in the contextual contrast that was irrelevant to the central stimuli would also
lower the confidence level of the central stimuli, reflecting that humans took in uncertain
information from the surrounding environment even when the information was
task-irrelevant.

Secondly, the results reflected that under a moderately easy task, a significant difference in
confidence between high and low contextual contrast was found. The results also showed that
when central task difficulty was too low (near hundred percent accuracy) or too high (near
by-chance accuracy level), no significant contextual contrast effect was found in both
situations. The results contradicted our original assumption that there would be an increase in
contextual effect as the central certainty decreased. The assumption was based on the
hypothesis that we would be more reliant on and more susceptible to the surrounding stimulus
in producing sufficient sensory input to generate confidence judgments when there is a higher
level of task difficulty. Task-irrelevant features in context are most useful and that our
confidence would be most susceptible to the surrounding stimulus when central uncertainty is
at a moderate level. Hence, under the intermediate level of central difficulty, task-irrelevant
contextual contrast would be most likely to be taken into our metacognitive system as input
for confidence judgments.
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How can the effect of contextual uncertainty be explained ?
The contextual effect in confidence judgments can be explained by the change in perception
and the change in contrast sensitivity of the central stimuli caused by the center-surround
interaction. During our perception processing, the perception of a stimulus can be influenced
by the spatial interactions between the central stimulus and its surroundings. Our perception
of the stimulus will be altered along with the context, which is known as the context effect
(Todorović, 2010). The influence of the stimulus contextual effect was observed across
various perceptual domains, including orientation (O'Toole & Wenderoth, 1977; Clifford,
2014), motion (Spering & Gegenfurtner, 2008), and length (Armstrong & Marks, 1997). The
neural manifestation of stimulus contextual effect could be seen in phenomena like size
tuning (Knierim & Van Essen, 1992) and surround suppression (SS) (Cannon & Fullenkamp,
1991; Snowden & Hammett, 1998; Yu, Klein, & Levi, 2001), which was operated beyond the
complexity of classical receptive fields (CRF). Stimulus contextual effect works under the
extra classical receptive field (ECRF), in which cells respond not only to the visual
information in the classical receptive field but also to a bigger area in space that modulates
the response of stimulus in the classical receptive field. The contextual modulation of the
stimulus in the classical receptive field results in enhancement or suppression of the neuron's
firing rate, which explains why we perceive the central stimulus differently under different
contexts (Schwartz et al., 2007).

The surrounding activity not only alters our perception of the stimulus itself, it also modulates
the contrast sensitivity leading to a dissociation between performance and confidence level.
Over the past years, substantial efforts have been devoted to the study of surround
suppression, which is a spatial-context phenomenon where the neuron’s response to visual
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stimuli within the CRF is suppressed by a concurrent stimulation in the surrounding receptive
field (SRF), in other words, the presence of a surrounding stimulus reduces the neuron’s
response to the central stimulus. The effect of surround suppression has been found in various
mammals such as primates (Jones et al., 2001), cats (DeAngelis et al.,1994), and macaque
(Cavanaugh et al., 2002; Hallum & Movshon, 2014). Surround suppression was thought to
influence the detection of figure-ground segregation (Angelucci, 2017; Nurminen &
Angelucci, 2014; Tadin et al., 2019) and was also reported to significantly decrease both
perceptual contrast sensitivity and neuronal response contrast sensitivity in primary visual
cortex (V1) (Serrano-Pedraza et al., 2012; Cavanaugh et al., 2002). In our study, sensitivity,
was being measured behaviorally by the respondent’s performance in the orientation
discrimination task. The more sensitive a person is, the better one will perform. As the
accuracy of the decision often covariates with the confidence level, better performance in the
orientation discrimination task is related to a higher level of confidence (Henmon, 1911; Seth,
2008). Therefore, a change in contrast sensitivity due to the center-surround interaction will
potentially influence the subjective report on confidence, providing a possible explanation on
the effect of contextual uncertainty on confidence judgment.

Generalization Effect or Contrasting Effect ?
Our findings also revealed that different levels of contextual uncertainty disproportionately
influence confidence judgments. We have proposed two different possibilities, namely the
generalization effect and the contrasting effect, to explain how different levels of contextual
uncertainty might potentially influence confidence judgments. The two effects are both
plausible but are mutually exclusive, leading to the question that which theory is consistent
with the findings?
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The results in the study supported the generalization effect rather than the contrasting effect.
In our study, when the contextual uncertainty was lower and the luminance contrast was
higher, the confidence level of the central stimulus was higher. The integrated evidence
source can influence subjective confidence even contextual contrast is irrelevant for
metacognitive assessment. Contextual contrast acts as a confidence heuristic that can affect
our confidence judgment of the central stimulus. Indicating under ambiguous conditions, we
identify the surrounding stimulus as a reference to produce a metacognitive judgment for the
central task.

Apart from orientation discrimination tasks, the generalization effect could also be extended
to other perceptual domains. Recent study suggested a larger range of motion direction
significantly decreased participants' confidence in brightness judgment even if the motion
direction is irrelevant to the brightness judgment (Spence et al., 2018). The results indicated
that a higher uncertainty in the task-irrelevant stimulus (i.e. motion direction) could decrease
the confidence level in the central task (i.e. brightness judgment). Therefore, putting together
with the results from Spence, it is suggested that in both orientation discrimination and
brightness judgment tasks, the findings are found to be coherent, in which they collectively
suggested what our metacognitive system took in during confidence judgment and how the
task-irrelevant stimuli affected our confidence judgment.

Implications For Future Direction
Nonetheless, our perception and neurophysiological responses to a stimulus rely heavily on
both spatial context (i.e. the surrounding of a stimulus) and temporal context (i.e. what has
been seen in the past) to generate a coherent and reliable perception. A high similarity of
spatial and temporal contextual effect on perception and neuronal responses was found, which
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suggested that spatial and temporal context operate under a similar mechanism in visual
processing. Marked similarities were observed in terms of perceptual bias, changes in tuning
curve and firing rate changes between spatial and temporal domains (Schwartz et al., 2007).
Our study elucidates the effect of contextual uncertainty on confidence judgments in a spatial
context. Therefore, whether the same effect can be observed under the temporal context on
confidence judgment is subject to further research in the future.

Limitations
One of the limitations of the study was the inadequate number of trials and blocks in the
experiments, which might reduce the reliability of the data. As the data was collected online
and the experiment was not conducted under the supervision of experimenters, the total
number of trials was limited to 120 after considering that participants might have a shorter
attention span under this circumstance. The reduced number of trials and blocks might
increase the variability of the data and potentially decrease the reliability of the results. As the
incorrect responses are limited, the data could not be used to conduct the receiver operating
characteristics (ROC) analysis, which allows us to estimate the area under the curve
(AUROC) and provide a bias-free measure of sensitivity. Increasing the number of trials
could reduce the variability of the data, which enables us to make a more stable estimate of
the results.

Another limitation was that the contextual contrast might not only affect the confidence
judgment, but also the visibility of the central stimulus. Given related findings showed that
the visibility and confidence are closely related and might be generated under a similar
mechanism but they are not interchangeable, in which confidence judgment represents one’s
judgment of the probability of being accurate while visibility judgment is the subjective
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quality of the visual representation of the stimulus (Rausch et al., 2021). Since the task
difficulty was manipulated by controlling the signal noise in the central stimulus, visibility
might account for some of the variability in confidence judgment. Therefore, to further
explore whether the confidence judgment was affected by the visibility of the stimulus, it is
proposed that the trials for 0.06 central contrast condition should be repeated with an
additional question on the subjective report with regard to the visibility of the central stimuli.
In this way, we could effectively compare the two subjective reports to examine whether there
is a significant association between the two and distinguish confidence and visibility in the
contextual effect.

Conclusion
All in all, the results revealed that there was a contextual uncertainty effect on confidence
judgments when the accuracy of the central task was controlled and that our confidence
would be most susceptible to the surrounding stimulus when task difficulty is moderately
easy. The change in perception and sensitivity due to the surrounding suppression and
center-surround interaction were suggested to be the possible reasons contributing to the
effect of contextual uncertainty. Our results and the previous findings were in agreement with
the generalization effect, which could potentially explain how confidence judgment was
disproportionately influenced by different levels of contextual uncertainty. With the concerted
effort of the study, it could generate insights for future research in understanding the
biological mechanisms and cognitive processes of metacognition and act as a basis for future
studies to discover whether the effect of contextual uncertainty could be generalized to other
domains in perception.
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